Introduction
The field of organic electronics has generated intense research efforts, spurred on by the promise of a viable alternative to the inorganic materials platform, especially for large-area, flexible electronics applications. Significant progress has been demonstrated towards the realization of efficient organic light emitting diodes (OLEDs) for flat-panel displays and lighting [1] , thin-film field-effect transistors (TFTs) [2] , photodetectors for large-area detector arrays [3] , and organic photovoltaic cells for low-cost solar energy generation [3, 4] . In all of these organic device embodiments, optimization of charge injection/extraction and carrier transport is critically important towards their technological success. Efficient injection or extraction requires low energetic barriers while competent transport demands highly conductive transport layers.
Tris(8-hydroxyquinoline) aluminum (AlQ3), a complex first used in 1987 by Tang and Van Slyke for efficient organic light emitting diodes (OLEDs) that required low driving voltages [5] , has since become one of the most powerful emitting materials for OLED devices. There has been abundant progress in its optical properties, such as color tuning [6] [7] [8] , enhancement of electroluminescence (EL) and photoluminescence (PL) efficiency [9] , and white light emission [10, 11] . However, the majority of research in this area so far focused on field emission and electroluminescence of bulks of nanorods or nanowires for vacuum and OLED devices [12] [13] [14] [15] , and most of the AlQ3 nanostructures used were synthesized by traditional vapor deposition based methods [12] [13] [14] .
AlQ3 is one of the most widely used electron-transporting, host emitting materials in OLEDs due to their thermal stability, easiness in synthesizing and purification, high fluorescence and good electron-transporting mobility. One disadvantage in the application of AlQ3 is its limited processability, since it must be deposited via thermal evaporation, during which isomerization or oligomerization occur upon high-temperature sublimation [16] .
Another disadvantage comes from the crystallization of AlQ3, which takes place under working conditions and may result in device failures. Therefore, materials with AlQ3 are needed that combine the processing properties of polymers and the fluorescent properties of AlQ3. A convenient low cost manufacturing method is solution processing, such as spin coating and possibly inkjet printing in the OLED industry [17] , with a mix of AlQ3 and conducting polymer; however, phase separation occurred in their system and led to poor optical properties [18] . Also they found that the low solubility of AlQ3 in most polymers makes it difficult to cast a homogeneous and transparent thin film.
Several efficient methods to synthesize AlQ3 containing polymers have been reported. Lu et al. [19] prepared a polymer fully functionalized with AlQ3 in a post-polymerization step, and Meyers et al. [20] synthetic method was based on a fully functionalized monomer, which eliminated the cross-linking. However, the solubility of these polymers was not good. Also, Du et al. [21] In this regard, the following point was desirable and significant for our study: i) synthesis of the copolymers with 2-hydroxyethyl methacrylate (HEMA) functionalized with AlQ3 pendant groups (AlQ3-HEMA) to increase solubility and, ii) development of a route for the facile fabrication of OLED using the resulting copolymers bearing AlQ3-HEMA (25 wt%). In this study, a series of polymers were synthesized using the radical copoly- (1) and (2) to cool down to 60 ℃ for few h, and then to reflux at 100 ℃ for 1 h. The final reaction mixture was precipitated with methanol, washed several times and filtered the copolymer 1, 2 and 3 were obtained after drying in vacuum at 50 ℃.
Synthetic methods

Synthesis of compound
Fabrication of OLED device
Organic light-emitting diodes were fabricated by using succe- 
Thermal analysis
Thermal behaviors of each copolymer were determined with DSC (SSC/5200H MII, Seiko, Japan) at the heating rate of 10 ℃/min (25~300 ℃, 3 mg) under a nitrogen atmosphere. TGA was performed on a Perkin Elmer LTD (TGA7, USA) at a heating rate of 10 ℃/min (30~600 ℃, about 5 mg) under a nitrogen atmosphere.
Optical absorbance measurement
UV-visible and photoluminescence (PL) spectra were obtained using a UV-visible spectrophotometer (S-3100, SCINCO, Korea) and fluorescence spectrophotometer (F-4500, Hitachi, Japan), respectively.
Results and Discussion
Identification of monomers and copolymers
The synthetic method of monomer and each copolymer is shown in Figure 1 . In all copolymerizations the content of AlQ3 was controlled to be 25 wt%. The chemical structures of compounds (2), (3) and copolymers 1, 2 and 3 were analyzed by FTIR( Figure 2 ). The FT-IR spectra of compounds (2) and (3) are shown in Figure 2 site), 7.1 (k site) ppm, respectively. These results indicated that the targeted copolymers were successfully synthesized.
Thermal properties of copolymers
The thermal stability of the copolymers were determined by their thermo gravimetric analysis (TGA) in a Perkin Elmer LTD (TGA7, USA) at a scan rate of 10 ℃/min under nitrogen atmosphere. Table 1 Copolymer 2 (AN-co-HEMA-p-AlQ3) 398 517
Optical properties of copolymers
Copolymer 3 (HEMA-co-HEMA-p-AlQ3) 392 512 Figure 5 . PL spectra of the copolymers 1, 2, and 3 in solution.
polymers is also given in Table 2 . 
Current-voltage characteristics of OLED devices
It was found that these copolymers could be dissolved in common solvents, such as THF/DMF/Toluene/CHCl3 and enable convenient and scalable manufacturing methods (e.g., spincoating and ink-jet printing methods). Therefore, the electron transport component of OLED device could be made simply by spin coating due to high solubility of copolymers with AlQ3
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The device using copolymer 3 (HEMA-co-HEMA-p-AlQ3) had the lowest operating voltage. As a consequence, there is marked increase in emission intensity at the same operating voltage. On the other hands, the device using MMA-co-HEMA-p-AlQ3 (copolymer 1) and AN-co-HEMA-p-AlQ3 (copolymer 2) caused significant shift in the J-V characteristics to higher voltage. The lowest operating voltage of the device using copolymer 3 can be attributed to the different nature of the hole-impeding process. And this shift points to the role of the dopant molecules in forming hole traps, thus reducing their mobility in the hole transfer layer [10] . However, the exact mechanism of hole formation and the reason why the copolymers have different J-V characteristics is not clear at the present. More detailed studies should be made. 
Conclusions
